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Objective: To assess the importance of simple clinical information to predict mortality after primary elective aortic 
reconstruction. 
Design: Retrospective clinical study. 
Materials: Four hundred-three consecutive patients (206 with aortic occlusive disease (51%) and 197 with aneurysmal 
disease of the abdominal aorta (49%) who underwent primary elective aortic reconstruction during an 8 year study 
period. 
Methods: Eight potential clinical risk variables and six electrocardiogram related risk variables were studied. The 
predictive value for postoperative mortality was evaluated univariately for all separate variables by calculation of the odds 
ratio (OR). Determination of the most predictive sets of risk factors was performed by stepwise logistic regression. 
Results, Five clinical risk factors showed significant odds ratio's: > 70 years (OR: 4.1), aortic aneurysm (OR: 9.0), 
myocardial infarction (OR: 8.6), angina pectoris (OR: 4.6), congestive heart failure (OR: 8.1), all p < 0.01. Furthermore, 
four electrocardiogram related factors showed significant odds ratio's: infarction pattern (OR: 4.3, p = 0.003), ischaemic 
changes (OR: 6.2, p < 0.001), conductance disturbances (OR: 3.2, p = 0.04), and non-sinus rhythm (OR: 6.2, p = 0.003). 
Stepwise logistic regression analysis demonstrated that 3 clinical risk factors (aneurysm (OR: 6.1, p = 0.02), myocardial 
infarction (OR: 3.7, p = 0.01), and congestive heart failure (OR: 5.3, p = 0.006)) contributed significantly to mortality. 
Addition of any of the electrocardiogram risk factors did not contribute to the prediction of mortality in the presence of these 
factors. 
Conclusions: The patients" history and clinical examination provides the most useful information for further selection of 
additional cardiac tests before lective primary aortic reconstruction. The additional value of the electrocardiogram is 
somewhat overestimated. 
Introduction 
Mortality following elective abdominal aortic recon- 
struction in selected vascular surgery units has 
decreased considerably to approximately 2-5% over 
the past 30 years. 1-5 In addition, improved support 
and monitoring made it possible to treat more 
complicated isease and older patients. 6-8 However, 
these favourable results have been reported from 
specialised vascular units. In hospitals without such 
specialised vascular units, mortality rates as high as 
16% have recently been reported for elective abdomi- 
nal aortic aneurysm resection. 9 This was also illus- 
trated in two large North American multicentre 
studies. 4's These studies demonstrate he influence of 
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the surgeon's experience on mortality rates. Finally, 
the favourable results in some series could have been 
overestimated. 1° It has been suggested that these 
results are not only subject o the quality of surgical 
and anesthesiological management but also to data 
enhancement, either innocently or by design. There- 
fore, the actual mortality rates are probably higher 
than the information provided by "surgical" series. 
In most institutions, election of patients for aortic 
reconstruction is performed by the vascular surgeon 
in close collaboration with the anesthesiologist, cardi- 
ologist and internist. The rationale for this multi- 
disiplinary approach is related to the cause of oper- 
ative deaths which has been reported to be cardiac in 
origin in up to 67% of cases. 11-1B This is under- 
standable because coexistent asymptomatic coronary 
disease has been reported in up to 86% of these lderly 
patientsJ 4 Consequently, many cardiac tests have 
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been advocated before operation, including exercise 
electrocardiography (e-ECG), ~5 ambulatory electro- 
cardiographic monitoring (AEM), 16"17 left ventricular 
ejection fraction determination, 18 Thallium scanning 
(DTS), 19-21 stress echograph~ 22"23 an even standard 
coronary angiography. ~4"24'25 Apart from coronary 
angiography which for obvious reasons has been 
abandoned as standard cardiac test, most of these 
laboratory tests lack sufficient sensitivity and/or 
specificity. 26 Moreover, some of these tests have been 
associated with serious morbidity. 22 The optimal 
algorithm for selecting patients for aortic reconstruc- 
tion therefore remains atopic of discussion. Because of 
declining financial resources, imple clinical risk vari- 
ables have regained interest7 Therefore, we eval- 
uated the value of basic clinical information for 
predicting the operative mortality and morbidity of 
403 primary elective aortic reconstructions. 
Material and Methods 
The records of 403 consecutive patients 337 men and 
66 women with a mean age of 61 (range 26-84 years) 
who underwent primary elective abdominal aortic 
reconstruction during a seven year period were 
reviewed retrospectively. One half of the patients were 
operated for occlusive disease (206/403, 51%) and the 
other half were treated for aneurysmal disease 
(197/403, 49%). The indication for reconstruction 
included CLI stage III or more for aortic occlusive 
disease 2s and an aortic aneurysm exceeding 4.5 cm in 
diameter or rapid growth of the aneurysm as deter- 
mined by sonography. Consistency of preoperative 
selection (including interpretation of the ECG) and 
perioperative management (including intensive care) 
was guaranteed by one of us (JDM Feuth) who 
supervised these aspects throughout he complete 
study period. A pragmatic approach for further 
patient selection was used. The cornerstone for further 
cardiac analysis was the presence of symptoms of 
ischaemic heart disease (angina pectoris medically 
treated or not). On this basis 53 patients underwent 
additional cardiac evaluation before operation. This 
included exercise lectrocardiography (e-ECG) in 43 
patients and coronary angiography was performed in 
22 patients who presented with ischaemic ST-depres- 
sion during the e-ECG. For logistic reasons 10 patients 
underwent coronary angiography without prior 
e-ECG. Only five patients with reconstructible coro- 
nary disease underwent CABG before the aortic 
reconstruction. Another nine patients had CABG 
performed more than 12 months before their aortic 
reconstruction. Three hundred and fifty patients with- 
out these symptoms underwent abdominal aortic 
reconstruction without further cardiac analysis. Dur- 
ing the study period 32 patients were rejected for 
aortic reconstruction due to various serious concomi- 
tant conditions (e.g. debilitating mental condition, 
disseminated oncologic disease, poor general 
condition). 
All patients had general anaesthesia nd in 77 
patients, this was combined with epidural anesthesia. 
All patients had central venous catheters. In 30 high 
risk patients, perioperative cardiovascular monitoring 
was performed by means of pulmonary artery cathe- 
ter (Swan-Ganz) pressure measurement. The criterion 
for Swan-Ganz monitoring was poor left ventricular 
performance based on clinical information and e-ECG 
but this criterion was not standardized. All aortic 
reconstructions were performed using knitted Dacron 
prostheses. After operation, all patients were admitted 
to the surgical intensive care unit until their cardiopul- 
monary condition was considered stable and sat- 
isfactory, usually 24-48 h after operation. 
In the present study we evaluated perioperative 
mortality. Mortality was defined as death during 
hospital admission or within 30 days of operation. The 
cause of death was recorded on the basis of the clinical 
data and of the 16 available autopsy reports (16/18: 
89%). Fourteen potential risk clinical variables were 
studied. Two groups of these preoperative risk varia- 
bles were identified. The first group included 8clinical 
history based risk variables (Table 1). These risk 
variables were chosen for reasons of practicality 
because they are easy to determine in the outpatient 
clinic, and chosen for reliability and ease of inter- 
pretation. Finall~ these variables are dichotomous 
which makes risk factor analysis easier. To avoid 
misunderstanding, the term risk factor is used if its 
predictive value for operative mortality has been 
demonstrated. The term (potential) risk variable is 
used if its predictive value has yet to be confirmed. 
The first risk variable was age ( > 70 years). The second 
variable was aneurysm (the presence of an abdominal 
aortic aneurysm as opposed to aortoiliac occlusive 
disease). The third variable was myocardial infarction 
(a history of prior admission for a documented 
myocardial infarction with appropriate ECG altera- 
tions, regardless of the present ECG). The fourth 
variable was angina pectoris defined as the presence 
of medically treated angina pectoris. Medically treated 
angina was chosen as a risk variable because of a more 
clearcut definition. Moreover, the analysis revealed a
stronger association with operative mortality than 
angina which was medically treated or not. The fifth 
variable was related to congestive heart failure 
Eur J Vasc Endovasc Surg Vol 10, November 1995 
472 J .C .A .  De Mol Van Otterloo et aL 
Table 1. Definitions of the preoperative history and examination related risk variables in the 403 patients, together with the number of 
patients with this particular risk variable. The number of deaths within each group are also stated 
Number of patients 
History risk factor Definition Number of 
No. (%) deaths 
Age 70 years and older 84 (21) 9 
Abdominal neurysm operation for abdominal neurysm (in contrast to occlusive disease) 197 (49) 16 
Myocardial infarction documented history of myocardial infarction regardless of present ECG 49 (12) 9 
Angina pectoris angina pectoris requiring medical treatment 35 (11) 4 
Congestive h art failure cardiogenic edema nd/or jugular vein distension, gallop rhythm 130 (32) 14 
regardless of treatment, COPD* patients excluded 
Hypertension patients on anti-hypertension medication 104 (26) 5 
Diabetes insulin dependent diabetes mellitus 34 (8) 0 
Irregular pulse irregular pulsation of radial artery 22 (5) 3 
*COPD: chronic obstructive pulmonary disease. 
(defined as either medically treated congestive heart 
failure (diuretic medication) or the presence of cardio- 
genic oedema nd/or  a gallop rhythm with or without 
treatment. The sixth variable was hypertension which 
was satisfactorily treated in the majority of patients. 
The seventh variable was the presence of insulin 
dependent diabetes. Finally, the eighth risk variable 
was an irregular radial pulse on admission (defini- 
tions: see Table 1). 
The second group of potential risk variables was 
based on ECG information. For this study, all preoper- 
ative standard 12-lead resting ECG's were reviewed 
anonymousl:~ without knowledge of the outcome of 
surgery. Six potential ECG risk variables were defined: 
infarction pattern, ischaemic changes, conductance 
disturbances, non-sinus rhythm, ventricular extra 
systoles, and left ventricular hypertrophy. These ECG 
criteria are specified in Table 2. 
Analysis of all these risk variables was initially 
performed by univariate evaluation of each variable 
separately : i.e. the relation between a particular 
variable and mortality. To this end, simple cross tables 
were constructed with each risk variable and mortal- 
ity. The measure of association between each risk 
variable and mortality was expressed by calculation of 
the odds ratio (OR) of each variable. 29 In order to 
determine the strongest predictive set of risk variables 
we performed a stepwise logistic regression analysis. 
First, the univariately significant clinical risk factors 
were studied. Then, the additional predictive value of 
the univariately significant ECG factors was eval- 
uated. Contingency tables were evaluated using chi- 
square analysis and Fisher exact est. Statistical evalu- 
ations were considered significant if p < 0.05. 
Results 
In total  18 patients died after operation (4.5%). Two 
groups were identified based on clinical presentation 
at time of death. The first group consisted of 12 
patients who died due to cardiac dysfunction (patients 
1 to 12, Table 3). The second group consisted of six 
patients who died without an apparent cardiac cause. 
Of the 12 clinical cardiac deaths, three patients died 
secondary to a clinically manifest myocardial infarc- 
tion (supported by acute ST segment elevation or the 
appearance of new Q waves or QR pattern and 
elevation of appropriate cardiac iso-enzymes levels). 
Immunohistochemical essays at autopsy confirmed 
Table 2. Definitions of the preoperative ECG risk variables in the 403 patients, together with the number of patients with this particular 
risk variable. The number of deaths within each group are also stated 
ECG risk factor Definition Number of patients No. (%) Number of deaths 
Non-sinus rhythm non-sinus rhythm 15 (4) 3 
Ventricular rhythmia ventricular extra systoles 32 (8) 3 
(uni- and multifocal) 
Infarction pattern Q>04 sec/QS pattern 46 (11) 6 
Myocardial ischemia ST depression >2 mm 106 (26) 12 
Conductance disturbances LBBB and RBBB 35 (9) 4 
Left ventric hypertrophy S(vl) + R(vS) >35 mm 27 (7) 3 
max + rain R > 40 mm (2 leads) 
R > or = 20 mm 
R(avl) > or = 13 mm 
R(v6) > or = 20 mm 
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Table 3. Age, Sex, Type of disease (Dis), type of reconstruction (Rec), postoperative outcome, clinical cause of death (Clin), ECG 
alterations (ECG), and myocardial infarction demonstrated by immunohistochemical analysis (Ami) at autopsy (Au) in 12 patients with a 
cardiac death cause and six patients with a non-cardiac death cause after primary elective abdominal aortic reconstruction 
Age M/F Dis Rec Postoperative outcome Clin ECG Au Ami 
74 M A AO 
84 M A AO 
6O M A AI 2 
58 M A AI 2 
78 M A AO 
73 M A AI 2 
66 M A AI 2 
67 F A AI 2 
57 M O AI 2 
77 M A AI 2 
72 M A AI "z 
68 M A AIF 
8O M A AI 2 
64 M A AIF 
55 M O AO 
61 M A AO 
73 M A AI 2 
70 F A AI 2 
Cardiac arrest 2days after operation MI AMI + + 
Hypertensive crises*, pulmonary infection MI AMI + + 
Congestive heart failure MI AMI + + 
Unexplained fever (negative blood cultures) AS ? + - 
Cardiac arrest 8days after operation AS PM + + 
Cardiac arrest 2days after operation AS ? + - 
Congestive heart failure AS = - 
Relaporotomy for anastomotic leakage CHF = + + 
CHF 3 days after operation* CHF AF + - 
Relaporotomy for abdominal eventration CHF ISCH + + 
Mesenterial ischaemia, respiratory insufficiency VF ISCH + - 
Pulmonary infection VF ISCH + + 
ARDS, persistent digestive tract bleeding, DISC MOF = + + 
Colon ischaemia, resp insuff, renal failure MOF ? + - 
2 relaparotomies forvenous bleeding DISC ISCH - 
Peptic ulcer, massive pulmonary embolism RI = + - 
Prosthesis irffection (str pneumoniae) SEPT = + - 
Anastomotic leakage I week after operation SCH ? + - 
* Postoperative hypertension due to renovascular disease which required PTRA (percutaneous transluminal renal angioplasty). 
M:male; F: female A: abdominal aneurysm; O: occlusive disease AO: aortic tube; AI2: aorto-biiliac; AIF: aorto-iliofemoral; 
MI: myocardial infarction; AS: asystole; CI-tF: congestive heart failure; VF: ventricular fibrillation; MOF: multiple-organ failure; 
DISC: disseminated intravascular systemic oagulation; RI: irreversible respiratory insufficiency; SEPT: irreversible septic shock; 
SCH: irreversible hypovolemic shock ISCH: (increased) myocardial ischaemia; AMI: infarction pattern on ECG; PM: pacemaker; =: no 
changes compared with preoperative ECG; ?: no postoperative ECG available. 
the clinical diagnosis in these three cases. In the 
remaining nine patients no clinical evidence of myo- 
cardial infarction was found at the time of death. 
However, in four of these nine patients a positive 
immunohistochemical  essay at autopsy confirmed 
myocardial  infarction that was not detected clinically. 
Of these nine patients, four patients died after asystole 
that did not respond to resuscitation (autopsy: one 
myocardial  infarction), three patients died due to 
terminal congestive heart failure that did not respond 
to aggressive inotropic therapy (autopsy: two myocar- 
dial infarctions), and finally two patients died after an 
episode of ventricular fibrillation that did not respond 
to immediate defibrillation and resuscitation (autopsy: 
one myocardial infarction). Thus, a total of seven 
myocardial  infarctions occurred in these 12 patients 
who died after myocardial  dysfunction (Table 3). In 
the remaining five patients no myocardial  necrosis 
was demonstrated at autopsy. 
The second group of six patients who died without 
an apparent cardiac cause consisted of two patients 
who died as a result of multi-organ failure secondary 
to colonic ischaemia. One patient died due to dissemi- 
nated intravascular coagulopathy after multiple blood 
transfusions secondary to two relaparotomies for 
persistent venous bleeding. One patient died after 
massive pu lmonary embolism. One patient died due 
to speticaemia secondary to an early infection of the 
vascular prosthesis. Finally, one patient died during 
the night I week after operation due to leakage of the 
proximal anastomosis. Of this group of patients, 
autopsy revealed only one patient with a myocardial  
infarction (Table 3). Thus, out of all 18 deaths, a total of 
eight patients (44%) showed immunohistochemical  
proof of recent myocardial infarction. Apart from the 
eight patients who died of myocardial infarction, only 
one non-fatal myocardial infarction occurred after 
reconstruction. Thus, in total nine patients suffered 
myocardial  infarction (2.2%). However, one must  bear 
in mind that routine ECG or iso-enzyme determina- 
tion were not performed after operation. Therefore, in 
the present series, the number  of undetected post- 
operative myocardial infarctions remains unclear. 
Univariate analysis demonstrated that five of the 
eight history based risk variables were significantly 
associated to operative mortality: age > 70 years (OR: 
4.1), aortic aneurysm (OR: 9.0), a history of myocardial  
infarction (OR: 8.6), angina pectoris (OR: 4.6), and 
symptoms or signs of congestive heart failure (OR: 
8.1), respectively, p<0.01, Table 4. Hypertension, 
insulin dependent diabetes, and an irregular radial 
pulse were not significantly related to mortality after 
operation. Subsequentld~ the six ECG risk variables 
were studied. Four of these variables showed high 
odds ratios that were significantly associated to 
operative mortality. These included infarction pattern 
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Table 4. Odds ratios of the separate history risk factors together 
with 95% confidence interval and p values 
History risk factor Odds ratio 95% confidence p-value 
interval 
Age 4.1 1.4-11.8 0.002 
Abdominal aneurysrn 9.0 1.9-5.8 <0.001 
Myocardial infarction 8.6 2.9-25.4 <0.001 
Angina pectoris 4.6 1.4-15.8 0.002 
Congestive heart failure 8.1 2.4-15.8 <0.001 
Hypertension 1.0 0.3- 3.2 0.9 
Diabetes* - -  - -  - -  
Irregular pulse 3.8 0.8-16.0 0.1 
* No deaths occurred in the group of patients with diabetes therefore, 
no odds ratio could be calculated. 
(OR: 4.3), ischaemic hanges (OR: 6.2), conductance 
disturbances (OR: 3.2), and non-sinus rhythm (OR: 6.2, 
Table 5). The presence of ventricular extra systoles and 
left ventricular hypertrophy did not show a significant 
association with mortality. 
Stepwise logistic regression analysis was then used 
to find the combination of risk factors with the 
strongest predictive value. First, the five history risk 
based factors which were significant in the univariate 
analysis were included (age, aneurysm, myocardial 
infarction, angina pectoris, and congestive heart fail- 
ure). The presence of an aneurysm appeared a very 
strong predictor of surgical mortality (OR: 6.1, 
p = 0.02): all but two deaths occurred in the group of 
patients operated for aneurysmal disease (Table 1). 
Myocardial infarction (OR: 3.7, p=0.02) and con- 
gestive heart failure (OR: 5.3, p = 0.006) were the only 
factors that showed a significant contribution to 
prediction of mortality in the presence of the factor 
aneurysm. Interestingly, age > 70 years did not add 
significantly to the prediction of postoperative 
mortality. 
We then evaluated the additional predictive value of 
the four resting-ECG risk factors that were significant 
in the univariate analysis. Stepwise logistic regression, 
demonstrated that none of these four ECG factors 
added significantly to the predictive power of the 
history based risk factors. 
Table 5. Odds ratios of the separate ECG risk factors together with 
95 % confidence interval and p values 
ECG risk factor Odds 95% confidence p-value 
ratio interval 
Non-sinus rhythm 6.2 1.2-27.5 0.003 
Ventricular arrhythmia 2.5 0.5- 9.8 0.2 
Infarction pattern 4.3 1.3-13.3 0.003 
Myocardial ischaemia 6.2 2.1-19.1 <0.001 
Conductance disturbances 3.2 0.8-11.5 0.04 
Left ventric hypertrophy 3.0 0.6-12.2 0.08 
Discussion 
To avoid the potentially confounding influence of 
survivors of prior aortic operations, revisional recon- 
structions (i.e. secondary or more) were excluded from 
this series. This influence was well illustrated by the 
high mortality rate we observed in 72 patients (mean 
age: 62 years) who had a revisional reconstruction 
during the period of the present study (7/72, 9.7%). 
This finding implies that primary and revisional 
reconstructions bear different surgical risk. Therefore, 
the results from a miscellaneous group of patients 
with inclusion of both primary and revisional recon- 
structions are of less use in the prediction of the 
surgical mortality in a more selective group of patients 
scheduled for aortic reconstruction for the first time 
and vice versa. Other investigators do not exclude this 
potentially important confounding factor. 1-13 Fur- 
thermore, they don't state the impact of the mortality 
of revisional reconstructions on the overall mortality. 
With declining financial resources, simple clinical 
risk factor assessment has regained interestY We 
chose to evaluate simple and unambiguous variables 
as potential risk variables which can be studied in the 
outpatient clinic prior to aortic reconstruction. We 
were able to study these variables reliably since all 
patients were systematically examined before opera- 
tion by the same internist (JDM Feuth), which 
excluded interobserver variability. The main finding of 
our study is that, for the first time in primary elective 
abdominal aortic reconstruction, the contribution of a 
group of simple, unambiguous risk variables to the 
prediction of surgical mortality has been determined. 
It appears that the strongest set of risk variables for 
surgical mortality consists of only three clinical risk 
variables. This information is rele(rant for three rea- 
sons. First, identification and selection of patients at 
risk is required to minimise surgical mortality. Second, 
coronary angiography and subsequent CABG is costly 
and unnecessary in most patients. ~4 Furthermore, the 
available cardiac laboratory tests either lack sensitivity 
or specificity. 26 Finally, selection of patients for 
abdominal aortic reconstruction should be as simple 
as possible, cost effective, reliable and should prefera- 
bly take place in the outpatient clinic. 
Two important conclusions were obtained. Firstly 
the results demonstrate he importance of a concise 
history. We found five history based risk factors that 
were significantly related to mortality after operation 
(Table 4). Stepwise logistic regression analysis 
revealed that three of these factors were of major 
importance. Of these three factors, the presence of an 
aortic aneurysm appeared to be the strongest risk 
factor. This is easy to understand since in the present 
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series 16 deaths occurred after reconstruction for 
aneurysmal disease and only two deaths occurred 
after reconstruction for occlusive disease. This finding 
is in agreement with our experience over 25 years 
(mortality rate for aortic aneurysm resection: 7.8% 30 
and for aortic occlusive disease: 3.5%). 31 Only the risk 
factors myocardial infarction and congestive heart 
failure had an additional significant value in the 
prediction of mortality. Furthermore, we found, in 
accordance with other investigators, that the presence 
of angina pectoris had no statistically significant 
bearing on the (early) postoperative outcome. B2Sec- 
ondly, the results indicate that the importance of the 
resting-ECG in basic cardiac evaluation is overesti- 
mated. Evaluation of the six resting-ECG risk factors 
showed four statistically significant factors (i.e. ECG: 
non-sinus rhythm, infarction, ischaemia, conductance 
disturbances) with Odds ratios which were con- 
siderably lower than the significant history risk factors 
(Table 5). Not surprisingl)~ stepwise logistic regression 
analysis revealed that these resting-ECG risk factors 
did not further add to the prediction of mortality by 
history based risk factors. This is in accordance with 
Hertzer's observation that 86% of patients have mild 
to severe coronary artery disease as found by coronary 
angiography in the absence of a cardiac history and/ 
or a positive ECG. 14 This is an important observation 
since in daily practice the resting ECG is often 
considered an important corner stone for cardiac 
screening in preoperative risk evaluation. ~1'33 
Surgical risk factors have been studied by many 
authors. In the 70's Goldman et al prospectively 
studied 1001 miscellaneous surgical procedures rang- 
ing from simple herniotomies to ruptured abdominal 
aneurysms. In this important stud)~ four categories of 
risk factors were identified based on a point system. 33 
Although this study has been important for the 
development of other risk factor studies, it provides 
no specific information on vascular patients. This was 
recognised by Perry et al. 34 He prospectively studied 
Goldman's weighted risk factor groups in 160 patients 
who underwent aortic reconstructions. In this partic- 
ular study no patients died after operation. Therefore, 
no conclusive information was obtained with regard 
to the predictive value of the Goldman risk factors to 
mortality. Finally, Cooperman etaI. studied risk factors 
in 566 patients who underwent vascular surgery. 11 In 
this study, congestive heart failure, prior myocardial 
infarction, prior stroke, arrhythmia, and abnormal 
ECG showed significant individual association with 
postoperative cardiovascular complications (mortality 
not included). However, again a heterogenous group 
of patients were analysed consisting of both elective 
and emergency procedures and both primary and 
revisional procedures. Only patients with ruptured 
abdominal aortic aneurysms and those undergoing 
carotid endarterectomy were excluded, the former 
because of their inherent cardiovascular instabilit)~ 
and the latter because of the relatively minor nature of 
the surgical procedure. Although various different 
vascular procedures for both aneurysmal nd occlu- 
sive disease were included in this study, the type of 
disease was not included as a risk factor. Therefore, 
the information derived from this study is only partly 
useful in the estimation of surgical risk in patients 
undergoing a primary aortic reconstruction. We delib- 
erately analysed a selected group of patients under- 
going primary abdominal aortic reconstruction i  
order to provide more specific information relevant to 
this group of patients. We deliberately chose surgical 
mortality independent of the cause of death for two 
reasons. The first reason is one of definition. Different 
investigators use various definitions of cardiac death; 
some authors base their definition on clinical data 
which potentially will include false positives, while 
others base their definition on the autopsy reports. 
The latter definition provides a more solid definition. 
Secondl)~ the exact cause of perioperative death often 
remains unclarified, even when the autopsy report is 
available. Only when the pathologist confirms necro- 
sis in the heart muscle in a patient hat clinically died 
of a myocardial infarction is cardiac death proven. In 
clinical practice however, the exact cause of death is 
often less clear. Post morten studies show important 
pathologic hanges in various vital organs (e.g. heart, 
lungs, kidneys, liver, cerebrum). When microscopic 
examination of the heart reveals important coronary 
stenotic disease with ischaemic alterations in the heart 
muscle, this does not necessarily prove that the patient 
died of a primary cardiac cause even when cardiac 
arrest occurred at the time of death. Nevertheless, 
these (preoperative) pathologic alterations in the heart 
have contributed to the further deterioration of the 
patients condition after operation. Whatever the pre- 
cise pathologic mechanism, it is reasonable to assume 
that a preoperative pathologic heart condition is a 
serious risk factor with regard to postoperative mor- 
tality. In order to study the predictive value of the 
clinical and ECG-related risk variables in the 12 
patients who died after myocardial dysfunction, as 
compared to the overall mortality group, the respec- 
tive odds ratio's were calculated. This final analysis 
revealed similar results for the same significant clin- 
ical factors as before. This finding implies that our 
results can be compared with others in the literature 
with different definitions of cardiac mortality. A 
separate study in the group of six patients with a non- 
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cardiac death cause was not feasible due to the small 
numbers. 
Various investigators have studied different cardiac 
laboratory tests before major vascular surgery. These 
included graded exercise electrocardiographic mon- 
itoring 15 left ventricular ejection fraction determina- 
tion, ]8'35 Thallium scanning, 19-21'32'36 and stress echog- 
raphy. 22'23 Although these sophisticated tests are 
helpful in specific subjects, they have several disad- 
vantages. Firstly, most have an unsatisfactory sensitiv- 
ity or specificity, z6 Stress echography may possibly be 
an exception to this observation. However, extensive 
experience from different laboratories will be neces- 
sary before the role of dobutamine stress echography 
is determined. 37Second135 some of these tests have 
been related with morbidity. 22 Finally, these tests are 
often expensive and some cause considerable dis- 
comfort to the patient. Coronary angiography is 
invasive and in most institutions requires hospital 
admission and so it cannot be regarded as a screening 
test. 
The results of this study show that the patients' 
history and examination is a useful basic screening 
tool for the selection of additional tests. No deaths 
occurred in patients without the risk factors: aneu- 
rysm, age > 70 years, myocardial infarction, angina, 
or congestive heart failure. Therefore, in our opinion, 
patients without these risk factors can proceed to 
aortic reconstruction without further cardiac tests. Of 
course common sense is obligatory (eg patients with 
significant aortic valve stenosis). Importantl3~ in the 
aneurysm group, no mortality occurred in patients 
without the remaining four risk factors. Patients with 
three or more of these risk factors can be considered at 
high risk for cardiac mortality. In these patients, 
coronary angiography without preceding less invasive 
cardiac tests could be considered. However, CABG in 
this group of patients has been associated with a high 
mortality rate (5.3%). 14 Therefore coronary angiog- 
raphy should only be performed after reconsideration 
of the necessity to perform aortic reconstruction (e.g. 
patients with claudication and those with small 
abdominal aneurysms). Finally, patients with one or 
two risk factors can be considered to be at inter- 
mediate risk. 19 This group should be investigated non- 
invasively before coronary angiography. At present, 
the most appropriate tests are dipyridamole thallium 
scanning and ambulatory electrocardiographic mon- 
itoring which provide the optimal combination of 
sensitivity and specificity. 26 The results from dobuta- 
mine stress echocardiography are promising 2 but need 
further validation in different laboratories. ,23,37 
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